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TECHNICAL NOTE NO. 710

A COMPARISON OF IGNITION CHARACTEIRISTICS OF DIESEL FUELS
AS DETERMINED IN ENGINES AND IN A CONSTANT-VOLUME BOMB

By Robert ¥. Selden
SUMMARY

Ignition-~lag data have been obtalned for seven fuels
injected into heated, compressed air under conditions
simulating those in & compression-ignition engine. The
results of the bomb teste have been compared with similar
engine data, and the differences between the iwo sets of
results are explalned iIn terms of the response of each
fuel to variations in air density and temperaturs,

INTRODUCTION

Barlier tests with the N.A.C.A., high-temperature
bomb (reference 1) have shown that the ignition lag at
the highest bomd temperature is roughly twice that for
the game fuel in an N.A,C.A, high-speed Diesel engline hav-
ing a2 comparable air density at top center. The minimum
engine ignition lags reported by Schweiltzer (reference 2)
are in substantial agreement with those obtained with the
bomb,

It has been reported (reference 3) that the C.F.R,.
engine fuel ratings are in substantially the same order
when either the critical-compression-ratio (G.G.R.) or
the 1gnition-delay method is used., The fact that the
C.C.R. method involves longer ignition lags than the de-
lay method indicates that the bomd would also give com-""""
parable ratings provided that the greater alr turbulence
in the engine was not an influential factor, On this
basis, tests were made in the bomd with fusls of differ-
ent igrition gualities, or different cetane numbers, to
determine the limitations of this apparatus for raiting
fuels. The test conditlorns included bomd temperatures of
870° and 1,155° F. and ailr densities of 0.59, 0.89, and
1.18 pounds per cubic foot. ' T
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The engine data with which these results are compared ¢
were obtained with an ¥N.A,C.A, displacer-type compression-
ignition engine at 2,000 r.p.m. and a compression ratio of
14.5 (reference 4),

FPURBLS TESTED

Seven fuels have been tested in the bomb, three of
which were obtained by adding an ignlition accelerator to
a single base fuel designated L, Diesel in the table and
the figures., Ithyl nitrate was used for two of these
fuels and a commercial Diesel dope for the third fuel,
The four other fuels used in the bomb were selected from
among elght fuels tested by .this laboratory in a compres-
sion-ignition engine, The properties of the eight previ-
ously tested fuels are listed in table I; the properties
of the thres fuels wlth added ignition accelerator are t
not available, With the exception of the N.A.C.A, engine i
data (the ignition lags, the maximum pressures, and the
meximum rates of pressure rise), all the data in this ta-~
ble were furnished through the courtesy of the Unlted
States Naval Bnglneering Experiment Station, Annapolis,
Md. The cetane ratings were obtained by the procedure
recommended in refersnce 3, using the constant ignition-
delay method wlth a modified magnetic pilck-up.

RESULTS AND DISCUSSION

The ignition lags obtained both in the bomb and in
the N.A.C.A. engines depend upon a slight increment of
pressure to denote ignition; whereas the cetane numbers
cited depend upon an ignition denoted by the attainment
of a certain rate of pressure rise after lgnition. The
two methods can give comparable results only 1f the rate
of pressure rise and the smallest detectable pressure
increment are determined by the true ignition lag and are
not influenced by the viscosity, the surface tension, the
distillation characteristics, or other physical proper-
ties of the fuel, The bomd records obtained ian this study -~
would be ideally sulited to test the validity of this
point were 1t not for the fact that thelr pressure and :
time scales are too condensed to permit an accurate de- s
termination of the initial rates of pressure rise, That
the lags and the cetane numbers- for the usual range of
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Dicsel fuels are in general agreemoent is lndicated by the
small deviation in cetane eguivalent from one lgnitione
indication method to another (references 3, 5, and 6).

The records reproduced in figure 1 are typical and
show the effect of ignition lag on combustion. Both rec-
ords wereo taken under identical conditions except for zas
temperature. It is evident that, in spite of a much
longer ignition lag, the low-temperature record indicates
complete combustion in about half the time required at
the higher temperature. This result is believed to Dbe
good evidence that slow burning in a compression-~ignition
engine is not entirely a metter of inadequate mixing of
fuel and air, Such mixing should have been just as sat-
isfactory, in a given time, at one bomb temperature as
another, irrespective of whether or not combustion was
taking place. If anything, the earliesr combustion at%t the
higher bombd temperature should have increased the rate of
mixing and therefore the rate of pressure rise becauss of
the induced convection currents. The hieh rate of press-
ure rise,. in addition to the vibrations evident in the
low—-temperature record, is an excellent reason why long
ignition lags are not nermlssible in an envine.

The ignition 1ags for each fuel and test conditlon
shown in figure 2 are averages of the most consistent val-
unes obtained for several fuel-elr ratics ranging from
0.0400 to 0.0167. 'In general, the ignition lags for all
fuel-air ratios were reproduceable and in agreement within
0.0003 or 0.0004 second or better. Thig variation Iin the
ignition’ lags is too great for checking to within one or
two cetane numbers,.as may be 'seoen from figure 2 and from
the corresponding cetane values in tadble I. In fact, this
varliation would have to be reduced by a factor of =2t least
10 in order to check to within one cetane number,.;as is
now posgsible with the C.F.R. Diesel and the various igni=
tion indicators that average a great many cyc¢les. Further
improvements in the bomb instrumentation and operation
should considerably reduce ths.existing variation in lag.
The optical indicator (reference 1) used in the bomb tests
was not completely satisfaectory either optlically or me-
chanically at the high temperatures employed in these
tests.,

.Figure 2 shows the same tendency for the ignition
lags of all fuels to conversge with increasing .alr densiw
tles and temperatures as they do with a decreasing injJec=-
tion advance angle (reforence 7). TWhen ignition occurs
before top center, docreasing the injection advance angle
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is equivalent to using a constant advance angle and in-
creasing the compression ratio which, in turn, is equiv-
alent to Increasing the alr temperature and density in
the bomb, Michailova and Neumann (reference 8), as well
as Schweitzer (reference 2), have also noted this ten-
dency for all fuels to approach a limiting ignitlon lag,

In addition to the relative ignition-lag order for
fuels under specified engine conditions, the change in
this order with decrease in compresslon deasity and tem-
perature may become of interest in the rating of fuels for
aircraft Diesel engines required to operate above the
critical altitude of the engine. This change in the bomd
rating order with air density is illustrated by the curves
that cross in figure 2. A similar change with temperature
i1s shown in figure 3 by the divergence of the Marine
Diesel fuels from the trends exhibited by the other fuels.

No particular difficulty 1n obtaining sultable fuels
for aircraft Diesel engines 1s expected, however, for sev-
eral reasons: (a) Some margin in ignition quality will
always be necsssary to secure good starting characteris-
tics; (b) sufficient margin in ignition gquality will not
greatly increase the initial fuel cost; (c) the increase
in ignition lag with altitude can be wholly or paritly
compensated by an increase Iin injectlion advance angle
(reference 9), the rate of pressure rise being the only
limiting factor; and (d) the possidble variation in lag
becomes smaller the greater the air temperature and den-
sity or the higher the cetane eguivalent of- the fuel, as
igs shown by figure 2., ZFor thess reasons a change in rat-
ing order will not be serious, particularly if the fuels
prove satisfactory under sea-level conditions and the
change in rating order occurg at a relatively low density
or temperature, Such a change is evident in figure 2 for
the L, fuel plus 5 percent ethyl altrate and the L,

funel plus 2 percent commercial dope at 8070 F. The type
of change shown by the No. 3 furmnace 0il and the Marine
Diesel fuel at the same temperature, however, might be
objectionable., In any case, 1f the fuel-ilgnition require-
ments warrant such a procedure, the fuel ratings can be
determined under simulated altitude conditions either in
a suitable bomd or in an engine.

In figure 3, the ignition lags of several fuels in
an N.A.C.A. engine and in the bomb alt two temperatures are
shown plotted against their respective cetane numbers,
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All the bomb data correspond to an air density of 0.89
pound per sguare inch, ‘this value being approximately the
maximum density 1in the engins.

The ignition lags for the Marine Dlesel fuel in  the
bomb were much too gresat to.be consistent with .the lags
for the other fuels.. This Irregularity became smaller the
higher the temperature and,.of course, must disappear ala
together in the C.F.R. Diesel since the rating méethod
stipulates a constant lgnition lag for &ll fuels, Dotted
curves have been drawn between the polnits for the other
fuels on the assumption that these curves most nearly ap-
proximate the curves that would be obtained with mixtures
of the reference materials - cetane and alpha methyl-
naphthalene. Both curves show the same tendency to flat-
ten out toward the right of the figure, as they must in
order %o avoid crossing in the region of fuels of high
ignition quality.

In the case of the N.A.C.A. engins data, the Marine
Diesel fuel is again slightly irregular but the deviation
is in the opposite sense from that observed in the dbomb,
This deviation, though small, 1s believsd to be greater
than the experimental srror in view of the conslistency of
the other data, Thls ressult indlcates that the effective
temperatures prevailing in the N.A,C.A. engine are some-
what higher than those in the C.P.R., engine. The engine
and the bomb data alsoe show thaet the lower the itemperature,
the greater is the variation in lgnition lag per cetane
number, particularly in the lower cetane region., Other
conditions being equal, therefore, the higher the effocec-
tive air temperature and deneslty in an engine, the less
sensitive that engine should be to the ignition quallty
of the fuel. I T

CONCLUSIONS

1. The rating order for certain Diesel fuels, as in-
dicated by the ignition lags in the bomb, may change with
variations in either elr temperature or density.

2. Usuwally, the lower the air temperature and density
at which ignition tekes place, the greater is the spread
between the ignition lags of two fuels,

3. With the exception of the Marine Diesel fuel, the
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rating order obtained with the bomd was the same as that
with an engine,. “

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Fileld, Va., April 28, 1939.
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TABLE I{sa) - PROPERTIES OF DIESEL FUELS

oylinder ) Flash
Fuels Ignition lag, Cetane |pressure, bslance{ Maximum rate Speocific point,;

N.A.C.A, eéngine] number dlaphregm of pressure rise | grarity, clos;d. cup
ac 8gé$§

-—U'('h% (lb'/ﬁgt ;BLL__LWA
¥o. S furoRos oL~ w N 29,9 s

75 percent and

25 percent 8 00083 42,4 875 440,000 . 799 | below
cofane gasoline 80
Ho, 3 furnace oil
&nd 1 percent ethyl
nitrate « 00083 47.7 960 650,000 875 125
Navy submarine } -
T=0-2¢* 00079 49.2 930 600,000
Uarine Diesel® 00087 58.0 930 . 480,000
Favy aircraft M306 00075 59.9 935 ‘ 610,000
Ly Dieseld . ~000TL 62.5 520 520,000
and 1 percent .
iScamyl nitrate 00054 88. 950 280,000
Baybolt : T
Fael Gl:g% Pot;.rt u.giver:al barbomn gro:s Anj.n Amb,ﬂnl Ugntuh- thegonh-ntl.cn
els P n o8 residue ea n ¥
(.8 ) %8 ) hsﬁ'.‘rc%vn (percent) value int volume
_ {sec, I(sec B. t.u./1b, Y(OF, roent)
No, S furnace olpP Ut] =85 B | 0,058 . "

75 percent and
25 percent 8
octane gasoline
No, 3 furnsce oil
and 1 percent
ethyl nltrate
Navy subrarine

8 10 &2 35 .05 19,715 171 76.7

10 ~25 57 38 <126 19,257 130 63.5 2,6 16,5 | 17.4

7-0-20% 12 0| 6 | 39| .025 19,660 57 67.3 6.9 15.8 | 10,4
Marine Diesel® 14 15 61 38 . 0L7 19,578 #61 T0.9 2,3 17.2 9.6
Navy aircraft M306§ = - - - - - - L - - - -
Ll Diesel® 4 28 25 93 44 « Q10 20,042 186 - - - -
Ly and 1 percent h28 25 86 43 ¢4 .062 19,696 83 75.3 .3 18.2 8.1

iscamyl nitrate

TABLE I(bj - DISTILLATION GHARAOTERISTICS OF DIESEL FUELS

First
op | 560 |L0ce, 20cc) ch 40cq|50c0,|60ca a|80cg[90cq | Ind point| Regovered
Fuels 3 S T S R N Rty 2 L Rt 3 i B 45348
No. & furnace oll®| o715 |42k 456| 47OV 484 | 49T| 512[ 527] 547| 581 640 98,7
75 percent L]I and
25 percent 8 B 135 |169 | 182] 224) AT4{550 | 560| 570 580 594 617 658 97.8
octane gasolline
Ho. 3 furnace oil 212 1428 | 442 A62| 476(490 | 504| 518 | 554| 556 590 | . 64T 98.3
and 1 percent }
ethyl nltrate A
%{2 ggbm.ar:.ne_ 421 (461 | 475 492 508|521 | 535 [ 545 | 558 574 | 600 661 98.7
farine Diesel® 408 440 | 453 ) 472| 4931509 | 525 | 541 | 559 582 619 673 98.4&
Bavy alrcraft M306 - - - - -] - - a ) - - - - -
Ly Dieseld 529 [|540 | 546 | 554 5611568 | 575 | 582 | 590 s02 | 622 672 98.4
L3 and 1 percent 188 20 | 545 ) 554| 561|568 | 575 | 583 (591 | 601 | 622 660 98.0
1goamyl. nitrete
“Fuels tested in the boab,
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Figure 1.~ Effsct of ignition lag on combustion. L1 Diessl fusl plus

5 percent sthyl nitrate; air density, 1.18 pownds per cubic
foot; fuel-air ratio, 0.033.
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Figure 4.~ Cemperisen of ¥.A.0.A. engine and bouwh ignition laga.

Y OvR

g'e a8y




